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 Limited information is available on quality-of-life in the two most prevalent 
developmental disorders, Attention-Deficit/Hyperactivity Disorder (ADHD) and 
Developmental Co-ordination Disorder (DCD). Aim of this study was to investigate health-
related-quality-of-life and psychosocial problems in 18 boys with DCD-ADHD (age 8.4, range 
7.0-10.8 years) and 18 age-matched male controls (age 8.5, range 7.0-11.0 years). The 
Dutch-Child-AZL-TNO-Quality-Of-Life (DUCATQOL) and TNO-AZL-Child-Quality-Of-Life 
(TACQOL) child and proxy questionnaires were used for this purpose. The Child-
Behavioural-Checklist (CBCL) for parents and Teacher-Report-Form (TRF) for teachers were 
administered to investigate the range of associated behavioural problems.  
Generic-quality-of-life, reported by boys with DCD-ADHD and their parents, was lower than 
the control group in almost all domains. A wide range of associated behavioural problems 
was found to be present in this group: internalising behaviour (withdrawn, physical 
complaints, anxious), attention-problems and overall problem-behaviour reported by parents 
were significantly more frequent than in the reference population. In 29% of the boys, the 
teacher reported academic performance below the normal range. 
 
Running title: Health related Quality of life in boys with DCD-ADHD 
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Introduction 
Two of the most prevalent developmental disorders are Attention-Deficit/ Hyperactivity 
Disorder (ADHD) and Developmental Coordination Disorder (DCD) (APA 1994).  ADHD is 
characterized by persistent symptoms of inattention, impulsivity, and hyperactivity. In DCD, 
children demonstrate functional motor performance deficits that cannot be explained by the 
child’s (chronological) age or intellect, or by other diagnosable neurological or psychiatric 
disorders. ADHD and DCD are present in 5-10% of school-aged children (Kadesjo and 
Gilberg 1999, Kadesjö and Gilberg 2001; Blondis 1999) and in half of them overlap of the two 
disorders may be found (Kadesjö and Gillberg 1999). 
The DSM-IV classifies these disorders as mild, though it states that functional problems 
should cause substantial interference with functioning in day-to-day life (DSM-IV APA 1994). 
The impact of disorders on functioning in day-to-day life can be measured with generic-
quality-of-life questionnaires, which can be completed by children and parents as proxy 
raters. These questionnaires measure physical, social and psychological functioning, and the 
results are expressed as quality-of-life-scores (Eiser 1997, Eiser and Morse 2001). It is 
important to know what aspects of quality-of-life may be affected by having ADHD and DCD.  
Studies on quality-of-life in children with developmental disorders in general are 
scarce. To our knowledge, only three studies addressed quality-of-life in children with ADHD. 
The first study performed in the United States compared generic quality-of-life in children 
with ADHD with a reference-population, and showed lower parental scores in psychosocial 
and family domains in children with ADHD (Landgraf 2002). A study by Raat et al (2002) 
showed similar findings, but compared scores from a Dutch reference population with those 
from American children with ADHD. The most recent study compared parental data from a 
Canadian ADHD-population with US and Australian reference data (Klassen et al. 2004). In 
this study, quality-of-life-scores of children with ADHD were lower in the domains 
"emotional/behavioural functioning, general behaviour, self-esteem, parental time and family 
activities". These lower scores correlated significantly with higher ADHD-symptom scores 
and with co morbidity. The three studies relied on parental (proxy) information about their 
children’s quality-of-life, and did not include children’s own report on their health status. 
Several studies report associated problems in DCD, such as learning disorders (Kaplan et al. 
1998, Jongmans et al. 2003), and social and affective problems (Schoemaker and 
Kalverboer 1994, Skinner and Piek 2001) that may have an impact on quality-of-life. In 
children who have both ADHD and DCD, the impact of the attention, motor and associated 
behavioural problems on different aspects of generic quality-of life still needs to be studied.  
Aim of the following study was to compare different aspects of quality-of-life in boys 
with DCD-ADHD, as reported by children and parents, with that of children without these 
disorders. The questionnaires used contain questions about physical complaints in the past 
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weeks such as pain or fatigue, about motor functioning such as day-to-day life motor skills, 
like running, walking, balance, and about self-care skills, as dressing, toileting, eating, 
drinking. They also contain questions about cognitive functioning, such as arithmetic, 
reading, writing, and questions about social functioning, as the relationship with peers and 
parents. In order to fully appreciate the opinion of children and parents about quality-of-life in 
the present study, the range of the associated behavioural problems in the DCD-ADHD 




Patients and controls 
All participating children were referred to the child department of the Academic Rehabilitation 
Centre in Haren, the Netherlands for examination and treatment of motor problems. In order 
to include only children who met the diagnostic criteria for DCD of the Diagnostic and 
Statistical Manual of Mental Disorders-IV (DSM-IV, APA 1994), the following inclusion criteria 
were applied: 1). A total score on the Movement Assessment Battery for Children below the 
15th percentile (MABC, Henderson and Sugden 1992). 2. Physical assessment by the 
paediatrician ruling out any other physical disorder that could explain co-ordination problems, 
and 3. IQ-score in the normal range (IQ >.70), as measured with the Wechsler Intelligence 
Test for Children-Revised; (WISC-R, Revised Dutch version, Van Haasen 1986). Seventy 
children out of 80 referrals in the age range 7-12 years met the DCD-criteria. 
For the present study only children with DCD were selected who also met the diagnostic 
criteria for ADHD of the DSM-IV. A paediatrician or child-psychiatrist diagnosed ADHD from 
the information provided during a parental interview. The ADHD-symptom-checklist was used 
for this purpose. This checklist consists of 18 items reflective of DSM-IV-criteria for ADHD (9 
attentive and 9 impulsive/hyperactive items; DSM-IV 1994). To be classified as ADHD in this 
study, a child had to have at least six symptoms of inattention or hyperactivity/impulsivity at 
home, and at least four symptoms of inattention or hyperactivity/impulsivity and impairment 
at school. Subtypes of ADHD were defined as combined (inattentive/hyperactive), 
predominantly inattentive; and hyperactive/impulsive. Each item was scored (never 1, 
sometimes 2, often 3, very often 4), and added up to a sum-score that was divided by the 
number of items rated in order to correct for missing items (range 1-4). Parents completed 
the ADHD-symptom interview at our centre and teachers completed the ADHD-symptom 
checklist at school to be returned by mail.  
Of the 70 children with DCD, 36 children were diagnosed as having ADHD according to the 
criteria listed in the DSM-IV (APA 1994). ADHD-symptoms were present before the age of 7 
years, and age, medication, low intelligence (IQ), or other diagnoses could not explain the 
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symptoms, as verified by either a paediatrician or child psychiatrist. Children, who met 
criteria for pervasive developmental disorder, were excluded from this study. Fifteen children 
had started medication before the start of this study and were excluded from participation.  
The final cohort included 21 children with DCD-ADHD, 3 girls and eighteen boys, who did not 
use medication for ADHD. The three girls were excluded to prevent confounding by gender.  
 
The control-group was formed by random selection of age-matched controls from a data 




Movement Assessment Battery for Children (MABC) 
The MABC (Henderson and Sugden 1992) measures manual dexterity, ball skills and static 
and dynamic balance. The lower the score the better the performance (in the age group of 
this study a total score below the 15th percentile (above 8.5) and sub score below the 5th 
percentile are abnormal.  
 
Quality-of-life Questionnaires 
Two quality-of-life questionnaires, the 25 question version of the DUCATQOL (DUX-25) 
(Kolsteren et al. 2001) and the TACQOL (Verrips et al. 1998, Vogels et al. 1998, Theunissen 
et al. 1998) were used to measure generic health related quality-of-life. The first does not 
attract attention to problems, while the second makes the child focus on problems. The 
DUCATQOL asks how children appreciate their normal day-to-day functioning, at home, in 
physical, emotional and social domains (Kolsteren et al. 2001). The TACQOL-questionnaire 
asks for problems in day-to-day functioning and how children appreciate these problems 
(Verrips et al. 1998, Vogels et al. 1998). 
To evaluate generic health-related quality-of-life, children and parents completed two quality-
of-life questionnaires, the Dutch Children TNO-AZL Quality-of-life Questionnaire DUCATQOL 
(DUX-25) (Kolsteren et 2001), and the TNO-AZL-Children’s Quality-Of-Life-questionnaire 
(TACQOL) (Verrips et al. 1998, Vogels et al. 1998). Both have been validated for the age 
group in this study and were considered to be complementary.  
The DUX-25 measures how a child appreciates his day-to-day functioning in home, physical, 
emotional and social domains (Kolsteren et al. 2001). The DUX-25 has a total score with 
high discriminative quality allowing its use in individual patients. Questions relate to the 
subjective feeling of the child about his functioning in these domains. It uses abstract faces 
(smiley) as answer categories, with expressions from happy to sad (score 5-1), thus 
constructing a five-point Likert scale. Domain scores are obtained by summing item scores 
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within the domain, and transforming crude scale scores linearly to a 0-100 scale, with higher 
scores indicating better quality-of-life. Scores per domain add up to the “DUX-25-total score”. 
Internal consistency (Cronbach-alpha) of the DUX-25-domains varies from 0.65 to 0.84 and 
is 0.94 for the total-score.  
The TACQOL-questionnaire measures appreciation of problems in day-to-day functioning 
(Verrips et al. 1998, Vogels et al. 1998). The generic module covers 7 domains, 1) physical 
functioning (complaints), 2) motor functioning, 3) autonomic (independent) functioning, 4) 
cognitive (learning) functioning, 5) social functioning, 6) positive moods, and 7) negative 
moods. The TACQOL-questionnaire has been validated for the age group of the present 
study. The questionnaire was developed as a generic instrument intended for broad use with 
many types of diseases, treatments and groups of individuals across the core HRQOL 
domains. Two parallel questionnaires are available with identical items adjusted for the type 
of informant (“has your child, have you”). To complete the TACQOL the child has to be 8 
years of age or older. The TACQOL has the advantage of incorporating both health status 
and appraisal of health status into the quality-of-life-score calculated (Verrips et al. 1998). 
The TACQOL does so by collecting information on occurrence of a particular complaint or 
problem in functioning. If the answer is affirmative, the degree to which the child is bothered 
emotionally by that problem is asked. In the domains “positive or negative moods” the 
response to the first question is scored, since moods are affective statements. Summations 
of the item-scores in the domain make up the domain-score. For the purpose of this study, a 
TACQOL-total score was constructed from the sum of domain scores divided by the number 
of domains. Internal consistency of domain-scores of the generic TACQOL varies from 0.65 
to 0.84 (Vogels et al.1998, Verrips et al. 1998). 
 
Child Behaviour Checklist (CBCL, Achenbach 1991) 
The child behaviour checklist measures problem-behaviour reported by parents of 4 to 18 
year old children. The checklist contains 8 syndrome scales: withdrawal, physical complaints, 
and anxious-depressive behaviour, social-, thought- and attention problems, delinquent and 
aggressive behaviour. The items of each syndrome scale are added up to a sum-score, 
which can be converted in a T-score (normalised standard-score corrected for age and 
gender). A total-CBCL-score can be calculated as the sum of all scale-scores. A score for 
internalising and externalising behaviour can be calculated as well. The score for 
internalising behaviour is composed by adding the sum-T-scores for three specific-problem 
scales, withdrawal, physical complaints and anxious behaviour; the score for externalising 
behaviour by adding the sum-T-scores for aggressive and delinquent behaviour. According 
to the manual, scores of specific syndrome-scales in a reference population between 67 and 
70 (P3-5) have been classified as in the “sub-clinical” range, and above 70 (< P3) as in the 
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“clinical” range (Verhulst 1996). Total T-scores and sum scores of internalising and 
externalising behaviour problems are classified as being in the “sub clinical range if between 
60 and 63 (P10 –P18) and those above 63 (< P10; 1.5 SD higher than the mean in the 
reference population) as being in the “clinical” range.  
The CBCL-questionnaire also includes a separate part that measures competence in sports, 
job, social and school activities. A score of 30-33 for the competence subscale of school 
functioning is in the “sub-clinical” (P3-5) range and a score under 30 is in the clinical range (< 
P3) (Verhulst & van der Ende 1992).  
The reference scores in the manual (Verhulst & van der Ende 1996) were used for 
comparison, as no CBCL data were available in the control group. 
Teacher report form (TRF) 
The TRF has a similar question, answer and scoring structure as the CBCL and concerns 
ratings of the child’s behaviour by teachers. In addition to the eight syndrome scales, the 
teacher questionnaire addresses competence functioning in school in four scales, academic 
performance, social and learning attitude, mood, and learning competence (Achenbach 
1991, Verhulst & van der Ende1992). A competence score between 37 and 40 is in the sub-
clinical and under 37 in the clinical range. The reference scores in the manual (Verhulst & 




The MABC was administered by a well-trained test assistant, and the WICS-R by a 
psychological assistant, both at the Child Rehabilitation Centre. Parents completed the two 
quality-of-life-questionnaires and the CBCL at home. Teachers completed the TRF in school. 
Children completed the two quality-of-life-questionnaires at home. Parents were asked not to 
assist their children.  
Parents or guardians gave written informed consent. The procedures were in accordance 




All statistics were calculated with SPSS (version 10.0) and statistical significance was set at 
p < 0.05 for all analyses. Analysis began with descriptive statistics (median and confidence 
interval (CI)). Non-parametric tests were used for analysis of differences between the 
children with DCD-ADHD and the control group using the Mann-Whitney U test. CBCL and 






Eighteen boys with DCD-ADHD (age range 7-10.8, mean age 8.6 (0.3) years) participated. 
The mean total score on the MABC of the boys with DCD-ADHD was 8.6 (SD 4.6) indicating 
definite motor problems.  
 
ADHD-diagnosis 
ADHD subtypes included the following: combined type (n = 4); inattentive (n = 12); and 
hyperactive/impulsive (n = 2).  
The mean sum score on the ADHD-symptom-checklist completed by parents was 1.92 (SD 
0.61; 95% CI 1.49-2.37)). A high parental-CBCL-attention T-score was found (mean (SD) 70 
(9)), which was significantly higher (CI –22.3 to –12.7) than in the reference population 
(mean (SD) 52.5 (10)).  
The mean sum score on the ADHD-symptom-checklist completed by the teachers was 1.7 
(SD 0.7; 95% CI 1.27-1.9)). The mean TRF-attention T-score was not significantly different 
from the reference population. 
 
DCD-diagnosis 
On each of the three sub-test of the Movement ABC, the DCD-ADHD children performed 
poorer (p = .01) than reference values (<P5), indicating substantial problems in balance and 
ball skills, and in fine motor skills. 
 
Quality-of-life 
Lower quality-of-life scores in children with DCD-ADHD compared to the control-group were 
found in the DUX-25 parental and child reports for the total-score and for the domains 
“emotional” and “social functioning” (Table I). Distribution of total-DUX-scores was skewed 
with levels in the lower quartile of reference values (under P25) of scores in 94% of parental 
reports and 75% of child reports. 
Parental scores in all but one domain (physical complaints) of the TACQOL-questionnaire 
were significantly lower than parental scores of the control-group (Table I).  
TACQOL-scores of children with DCD-ADHD were significantly lower than in the control 
group, for all domains. 
 
Associated problems see Table II 
Behaviour-scores CBCL T-sum-scores, for "total" and "internalising" problem behaviour were 
in the “sub clinical” range (60-63), and significantly poorer than in the general population. 
(Verhulst and van de Ende 1992) (Table II). On the separate syndrome scales, the mean 
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score for social problems fell in the “sub clinical” range, and the mean score for attention 
problems fell in the “clinical” range. Parents gave a low score (CBCL-competence-scale-
score < P3) on competence in school to 25% of boys and on social competence to 11%.  
 













Dux-25 Child Child P Parent Parent P 
Physical 81(16) 67(15) 0.096 78(11) 59(16) 0.188
Home 84(14) 74(16) 0.198 86(10) 66(15) 0.172
Emotional 72(15) 59(16) 0.044 75(12) 57(16) <0.001
Social 77(16) 68(12) 0.008 80(12) 66(  9) 0.014
Total-score 78(13) 67(11) 0.025 79(10) 62(11) 0.002
TACQOL     
Physical  82(15) 71(17) 0.015 84(12) 79(17) 0.394
Motor  94(  9) 84(16) 0.016 95(  7) 81(14) <0.001
Autonomy 99(  4) 91(  8) <0.001 99(  3) 86(13) <0.001
Cognitive  92(10) 68(19) <0.001 91(13) 72(13) <0.001
Social  93(  9) 84(13) <0.001 91(13) 81(13) 0.001
Positive moods 84(19) 71(22) 0.016 93(10) 74(20) <0.001
Negative moods 76(19) 61(21) 0.006 76(17) 60(20) 0.004
Total-score 89( 8) 78(11) 0.012 90(7) 77(10) <0.001
Mean (SD) as percentage of maximum scores. Difference DCD-control (Mann Whitney  
test). Significance at p<0.05 
 
On the TRF, all T-scores were in the normal range, both for the individual syndrome scales 
as for internalising and externalising behaviour. Teachers gave a low score (TRF-
competence-scale-score < P3) on academic performance to 29% of boys, on learning to 71% 
and on social competence to 67%.  
Cognition Mean (SD) verbal intelligence quotient (IQ 93 (13)) was in the normal range (14 to 
0.4). Non-verbal IQ (89 (9)) was significantly lower than in a reference population (CI –18 to 
–4), as was full-scale intelligence (93 (12) quotient (CI-14 to -0.14).  
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 CBCL TRF 
Total score  # 62  (13) 58 (4) 
Internalising # 60  (11) 55 (7) 
Externalising 61  (13) 54 (9) 
Withdrawal 61   ( 9) 57 (7) 
Physical complaints 58  (10) 53 (6) 
Anxious/depressive 60    (8) 56 (7) 
Social problems # 68  (11) 63 (6) 
Thought problems 61  (11) 53 (9) 
Attention problems ## 70   ( 9) 61 (6) 
Delinquent behaviour 55   ( 8) 52 (2) 
Aggressive behaviour 61  (12) 56 (6) 
* no values available from the control-group; # sub clinical range (substantial problems), 




Aim of the present study was to investigate health-related-quality-of-life in boys with 
both DCD and ADHD. According to the results, these children experience a lower quality-of-
life in almost all domains investigated, compared to age matched controls. In addition, their 
motor and attention problems were associated with a range of behavioural problems.  
DCD and ADHD are characterised by dysfunctions in attention skills and in motor skills, that 
influence adequate functioning in school and in day-to-day life (Blondis 1999; Tervo 2000), 
but impact of these dysfunctions on quality-of-life had not been studied before. In children 
with ADHD, to our knowledge, only two studies regarding generic quality-of-life exist 
(Landgraf 2002, Klassen et al. 2004). Landgraf (2002) reported lower scores in psychosocial 
and family domains in children with ADHD compared to the reference population. In 
Klassen’s study (2004), quality-of-life-scores reported by parents of children with ADHD were 
lower in the domains "emotional/behavioural functioning, general behaviour, self-esteem, 
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parental time and family activities". The present study was performed in children who had 
ADHD as well as DCD. Findings of lower scores for the domains “social, and emotional 
functioning and moods”, support findings by Klassen et al. (2004) and Landgraf (1996). The 
influence of the motor coordination problems in the DCD-ADHD group was reflected by 
significantly lower parental scores in the motor and autonomy domains in the present study, 
as opposed to absence of differences in such scales in the studies by Klassen and Landgraf 
in children with ADHD alone.  
Current knowledge of the impact of ADHD and DCD on children’s functioning mainly comes 
from parental or teacher report in behavioural questionnaires. Also in the former studies by 
Landgraf (2002) and Klassen et al. (2004) parental quality-of-life-questionnaires were used. 
In the present study quality-of-life was studied in proxy and self-reports of children with DCD-
ADHD. Our study is the first in which school-aged boys themselves express the impact of 
their motor and attention problems on quality-of-life, which was reflected by significantly 
lower scores in the DUX-25-emotional and social domains and in all TACQOL domains 
compared to the control-group. The view of the parents regarding quality-of-life in the 
different domains matched that of their children. Whereas all domains (motor functioning, 
autonomy, social and cognitive functioning) were negatively affected by the health status of 
the DCD-ADHD children, this was not the case for the parental TACQOL-domain “physical 
functioning”. This domain evaluated physical complaints. As complaints of fatigue and pain in 
this domain are not regularly associated with DCD or with ADHD it was not expected to differ 
from those in the general population. Children however, experienced significantly more 
complaints related to fatigue than controls. These physical complaints were not reflected in 
the DUX-25-physical domain. This DUX-25 domain measures negative appreciation of 
physical condition and activities that may be associated with DCD, but differences with 
controls did not reach significance.  
Both parents and children report lower scores in the domain “social functioning” of the 
TACQOL and DUX-25. This indicates that suffering from motor and attention problems may 
have an impact on quality-of-life due to associated problems in social functioning, such as 
playing with peers and attitude towards parents. Social and emotional impairments are 
frequently associated with DCD. According to Schoemaker et al. (1994), children with DCD, 
who were even younger than the ones in our study, behaved more introvert, felt less socially 
competent and reported higher levels of anxiety than controls. Also Skinner and Piek (2001) 
reported less competence and social support, lower self-worth and higher levels of anxiety in 
children with DCD than in controls. The social problems of our children with both DCD and 
ADHD were confirmed by findings in the parental CBCL-questionnaire. Dewey et al (2002), 
recently investigated problems in psychosocial adjustment in children with DCD as a single 
deficit. On the social problem scale of the CBCL, mean scores of the DCD group in their 
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study were less severely affected than the ones in our study, as the latter approached the 
clinical range. It is likely, that children with both DCD and ADHD are even more at risk for 
social problems than children with DCD only. The social and emotional problems reported on 
the quality-of-life measures are confirmed by scores in the clinical range for CBCL-
internalising problems (withdrawal, physical complaints and anxious/depressive behaviour) 
as well as by scores in the clinical range for competence in sport, social and school activities. 
In the present study, parents reported low competence in 70% and teachers in 50% of the 
children. Teacher’s scores regarding all syndrome scales were in the normal range, though 
those for social and attention problems were relatively high. Probably, problems in social and 
emotional domains are less visible at school than at home. Early identification of social 
problems is important, since 60% of children with DCD-ADHD that do not receive 
intervention continue to experience psychosocial problems as adults (Rasmussen and 
Gillberg 2000). 
Aside from low quality-of-life scores in the social domain, children with DCD-ADHD and their 
parents also reported low quality-of-life scores in the cognitive domain of the TACQOL, which 
concerns functioning at school. Although in none of the children a specific learning disorder 
was diagnosed, 30% of the children needed educational assistance for cognitive problems at 
school. This is in agreement with findings from other studies regarding a need for special 
education varying from 15 % in children with ADHD to 60% in children with DCD-ADHD 
(Landgren et al. 2003). Cognitive problems were confirmed by findings on the TRF-
competence scale with low academic performance in almost a third of the children with DCD-
ADHD. Teachers, parents and children report problems in school despite of a mean verbal 
IQ-score in the normal range. Non-verbal IQ was below average, probably reflecting 
problems in non-verbal tasks, which demand motor proficiency, such as block design and 
substitution. From the literature, it is well known that children with DCD and/or ADHD may 
have associated learning disabilities. Kaplan et al. reported reading disability in 46% of 
children with DCD and in 70% of children with DCD-ADHD (Kaplan et al.1998). In the 
present study, reading disability was not tested, but dyslexia may have been associated in 
one of the boys. Early identification of cognitive and learning problems in DCD-ADHD is 
important, since these may lead to failure in school. Assistance in school should address 
both learning and manual dexterity problems not only to improve performance in school 
tasks, but also performance in later vocational training tasks (Jongmans et al. 2003).  
In the present study two generic questionnaires were used. One uses facial expressions as 
response option and can be applied in children as young as 6 years (DUX-25). The TACQOL 
requires a higher cognitive level. It can be used in children of 8 to 12 and 12 to 16 years, with 
adaptations for the age groups. One addresses normal functioning (DUX-25) and the other 
(TACQOL) addresses problems in functioning. For the present study they were considered to 
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be complementary. Scores in both questionnaires were able to reflect impact on quality-of-
life, but further study within subgroups would be needed to determine evaluative or 
discriminative properties of the questionnaires.  
For the diagnosis of ADHD and of DCD, the DSM-IV classification requires that the disorders 
must interfere with day-to-day life (criterion B), but an instrument to measure this interference 
was not available yet. We may conclude that the generic quality-of-life measures (DUX-25 
and TACQOL) were very well able to fill this instrumental gap. The DUX-25 total score can 
be used in individual cases to support identification of children with problems in day-to-day 
functioning. The TACQOL can be added in children over 8 years to evaluate the impact of 
health problems in the different functional domains in depth. Generalisation of our findings 
must be restricted to the population of boys with DCD-ADHD referred to a tertiary child 
rehabilitation setting. The attention and motor problems of these children appeared to have 
an impact on almost all quality-of life domains. Consequently, intervention should not just be 
directed to the primary motor and attention problems of these children, but also encompass 
the associated problems. Whether combined motor therapy, educational assistance and 
psycho-stimulant medication are effective to improve quality-of-life and day-to-day 
functioning, needs to be investigated in future studies.  
 
Conclusion  
Boys with DCD-ADHD in a child-rehabilitation setting had a significantly poorer quality-of-life 
than a control-group. Not only motor and attention problems, but also non-verbal functional 
problems and associated behavioural problems have an impact on general functioning in 
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The purpose of this study was to describe the developmental problems of children in school 
age, referred to the child rehabilitation centre because of clumsiness.  
The results show that 63% met the criteria for the classification of Developmental Co-
ordination Disorder and these children with DCD show severe motor problems. A third also 
showed an abnormal handwriting, classified as dysgraphic. Though verbal intelligence 
performance on psychological tests was average, full-scale intelligence lies below average 
due to low performance intelligence. Scores on a language test for children were average. 
Parents as well as teachers acknowledged withdrawal (16%) and behavioural problems at 
home (51%) and in school (28%). Low self-esteem was perceived by 25% of children. In 
50% DCD was combined with ADHD (attention deficit and hyperactivity disorder). Special 
education facilities were needed in 30%.  
We conclude that children with DCD referred to a child rehabilitation centre may form a 
subgroup of severe DCD that is often restricted not only by severe motor problems, but also 
by limitations in cognitive performance, ADD and a tendency towards internalising behaviour. 
Motor problems may serve as a symptom or signal of more complex developmental 
disorders and should be recognised at an early age. It is important to start early 
comprehensive intervention.  
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Introduction  
The purpose of this study is to describe the developmental motor, cognitive and 
behavioural problems of children referred to the child rehabilitation clinic because of motor 
clumsiness. Among many other terms, clumsiness is known as minor neurological 
dysfunction (MND).1 Recently, it was internationally agreed to use the term ‘Developmental 
Coordination Disorder (DCD)’, a classification in the Diagnostic and Statistical Manual of 
Mental Disorders (DSM-IV; APA). This article uses both the term DCD and the criteria for 
DCD nationally and internationally agreed upon.2;33 The diagnosis of DCD can be made if 
motor performance is significantly deviant due to motor coordination problems that cause 
restrictions in daily functioning, without any other neurological explanation. (See footnote1) 
 
The prevalence of DCD in school age is similar to that of asthma (5-7%).3 The severity of 
restrictions due to DCD is often not identified, though children may show dysfunction of 
motor performance through childhood and puberty.4,5 Aside from motor problems, problems 
in cognitive, social and behavioural functioning are described as co morbidity. The current 
studies on co morbidity in children with DCD have limitations. These studies rely on 
descriptions, often based on subjective findings rather than on validated questionnaires, let 
alone on tests to confirm these findings.4;6-8 Most studies are based on findings in 
questionnaires that were completed by parents and not by children themselves.6;10;11 In the 
child rehabilitation clinic of the academic rehabilitation centre Beatrixoord, a diagnostic 
protocol was completed in al children suspected of DCD after the first consultation. The 
protocol was developed to test all developmental domains. The findings of this prospective 
study will be described in this article.  
 
Patients and Methods 
Patients 
All children, aged 5-13 years, referred in the past five years (1997-2002) because of motor 
clumsiness that interfered with daily performance enrolled the multidisciplinary diagnostic 
protocol (n=70). To determine that clumsiness is caused by DCD, children were seen by the 
                                                 
1 The diagnosis of DCD according to current Dutch criteria: 
-the physical exam by a paediatric specialist confirms motor coordination problems, and 
-excludes any other disorder that might explain motor coordination problems  
-the results of the Movement-Assessment Battery test for Children (M-ABC) are deviant (totalscore ≤ 
 P15 or a subtest score ≤ P5) and motor performance significantly interferes with daily life 
-Mental Retardation (total IQ < 70) was escluded. 
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paediatrician and tested by the physiotherapist with the Movement-Assessment test for 
children 30,31 and by the psychologist with the WISC-R. 
Exclusion Fifteen children that did not meet diagnostic criteria for motor performance (M-
ABC-score higher than P15; n=7) or intelligence quotient (IQ<70; n=8).  
Inclusion: All children that met criteria for DCD (n=55). 
Of the 55 who met the DCD criteria, fifteen were excluded either because the child 
psychiatrist diagnosed pervasive developmental disorder not otherwise specified (PDD-NOS; 
n=11), or because questionnaires were incompletely filled (n=4). 
The included study population consisted of 40 children with DCD, aged 5-13 years, 29 boys 
and 11 girls.  
 
Methods 
As explained the child was tested with the Movement-Assessment test for children (M-ABC 
30,31) and the Wechsler Intelligence Scale for Children (WISC-R 37). These were followed by 
the concise handwriting test for children (BHK 13), the language test for children (TVK 14), and 
the competence scales for children (6-7 and 8-12 years; CBSK 36). The Child Behaviour 
Checklist (CBCL 15;32) was completed by the parents and the Teacher Report Form (TRF 16) 
by the teacher. 
 
The diagnosis ADHD was confirmed with a paediatric or psychiatric exam and a parental and 
teacher ADHD-symptom-checklist. To be classified as ADHD, a child had to have at least six 
out of nine symptoms of inattention or hyperactivity/impulsivity at home, and at least four out 
of nine symptoms of inattention or hyperactivity/impulsivity and impairment at school. ADHD-
symptoms were present before the age of 7 years. No child showed evidence of a learning 
disorder, neurological or psychiatric disorder, as confirmed by a paediatric or psychiatric 
assessment, and age, medication, or low intelligence (IQ<70, WISC-Revised, Dutch version; 
Van Haasen 1986) could not explain the symptoms. 
Parents gave informed consent. The study was approved by the medical ethical committee.  
Definition of clinical scores  
A score in the clinical range was a test score on function and performance that was 2 SD 
below the reference norm (≤ -2 SD and ≤ P5).  
 
Statistical analysis 
The test scores of children were compared with reference values from healthy children in the 
same age range and of similar sex. The distribution of scores and prevalence of clinical 
scores was determined.  
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Results 
The study population consisted of 29 boys (72.5%) and 11 girls with DCD. (Mean age (SD) 
8.2 (1.8) years).  
 
In Table 1 some characteristics of the population are presented. All children were in 
mainstream education, but 30% had repeated grades. Children had been referred by primary 
physicians (general physician, or physician working for youth health care or special 
education services), remedial teacher or physiotherapist, or by the child psychiatrist (17,5%) 
or professional in the ambulatory special education services). 
 
Table 1: characteristics of the DCD study population 
 Number (%) 
Total  40       (100) 
Boy 29        (72) 
Main stream education 
Doublures ≥ 1 class 
37       (92) 
12        (30) 
Referral from primary care 22        (55) 
Referral from secondary care  18        (45) 
 
Table 2 shows the prevalence of abnormal scores in different clusters of motor performance 
measured in the M-ABC and BHK. 60% of children have abnormal scores in each of the 
three M-ABC clusters.  
Almost a third of children (n=25) had an abnormal BHK-score for quality of hand writing 
consistent with a ‘dysgraphic score’ (>28). Two thirds of children had a score consistent with 
problematic handwriting (21-28). Two thirds had a low writing speed (< P10).  
 
TVK: Language was tested in 25 children. Relatively few children had problems with 
language performance as demonstrated by normal performance on most items of the TVK. 
Prevalence of clinical scores on auditive discrimination (17%) and synthesis (8%) was higher 
than in the reference population (5%). 
 
WISC-R: All children were tested. Mean total IQ score was 88.7 (SD 11.6) and this is 
significantly lower than the reference population. Mean verbal IQ score was 93.8 (SD12.3), 
which is not different from the normal range. Non-verbal IQ was 85.6 (SD 12.5), which is 
significantly lower (*p 0.002) than the verbal IQ and than the reference non verbal IQ.  
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Table 2 Percentage of children with abnormal motor performance 
Test Number tested  % with score in the clinical 
range  
M-ABC total score 
M-ABC manual dexterity 










BHK writing quality  






In Table 3 behavioural problems are presented as reported by parents in the CBCL and by 
teachers in the TRF. For comparison purposes, the prevalence of clinical scores in the 
reference and in a child psychiatric population is shown. 
CBCL: Prevalence of clinical total scores was high, and the prevalence of clinical 
internalising scores was similar to that in child psychiatric referral. Social and attention 
problems in the clinical range were found in a third of children.  
 
Table 3 Children (%) with clinical scores on behavioural distinct and syndrome scales of 
CBCL and TRF in the DCD, norm (N) and child psychiatric (CP) population. 
 Clinical range (%) CBCL 
DCD          N            CP 
Clinical range (%) TRF 
       DCD          N             CP 
Withdrawal 16 1 23 15 2 12 
Physical complaints 16 2 11 - 1 8 
Anxious/depressive 11 2 25 4 2 12 
Internalising (I) 49 10 55 28 9 33 
Social problems 35 2 28 4 2 10 
Thought problems 19 1 16 4 3 13 
Attention problems 35 2 35 8 2 15 
Delinquent behaviour 5 1 22 - 3 6 
Aggressive behaviour 16 2 34 3 2 15 
Externalising (E) 30 10 52 8 9 41 
Total I+E 51 8 67 28 9 50 
 
TRF: A similar prevalence of withdrawal and internalising behaviour in the TRF was reported 
in children with DCD as in the child psychiatric population. As attention problems were found 
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in a third of children with DCD population prevalence is higher than in the reference 
population. Prevalence of externalising behaviour was not higher that the norm.  
 
ADD-H: In 50% of the children, nearly all boys, the structured interview (DSM-IV, 
operationalising ADD-H) with parents indicates problems of attention (37% of children meet 
criteria of ADD) and of impulsivity and hyperactivity (13% of children meet criteria of ADHD). 
The teacher also completed the DSM-IV-ADHD as a questionnaire. Teachers reported 6 
positive ADD-items evident in school in 50% of children.  
 
In the CBSK-test, a quarter of children reported to perceive their competence as lowered, 
both in learning (25%) and social skills (35%), and to a lesser extent in sports skills (13%). 
 
After this diagnostic phase, the referral phase follows. 
After the diagnostic phase, thirty seven percent of the children were placed in a school for 
special education school (30% more than before) and 10% received ambulatory special 
education support in mainstream schools.  
Referral to child psychiatry increased from 17,5% before the diagnostic phase to 45% 
afterwards.  
To 50% of the children, the team offered individual or group motor therapy, while the other 
half was referred for physiotherapy or for alternative forms of movement therapy. 
 
Discussion 
This study shows that children referred to the child rehabilitation clinic because of 
clumsiness have a serious variant of DCD. Their motor performance is severely affected in 
all three domains of manual dexterity, ball and balance skills. Prevalence of dysgraphic 
handwriting is 35%, which is much higher than in children with mild DCD (6%).17 Non verbal 
intelligence and total IQ were lowered.  
Contrary to findings in other studies, children with DCD in this study performed well on most 
items of the verbal performance test.18 
In accordance with other studies, prevalence of behavioural problems in our children with 
DCD was high. 50% had ADDH diagnosed by the child psychiatrist or the paediatrician, and 
three quarter was of the ADD type. It is remarkable that attention problems were mentioned 
by parents in both CBCL and ADDH-interview, and were confirmed by teachers in the ADHD-
checklist, but much less in the TRF. ADDH may have been missed in school at first due to 
the lack of hyperactivity and tendency to withdraw in many children with DCD, as reported by 
both parents and children. Social problems are reported by parents in 35% of children with 
DCD and were confirmed by CBSK self-report findings on social and self-competence. 
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Whether social problems and withdrawal are part of the primary problems in DCD, or arise 
secondary to incompetent motor and non-verbal intelligence skills is not clear. Good motor 
performance determines the position of the child within peer groups. Other children 
appreciate children who perform worse in motor activities less, and being less appreciated 
may lead to withdrawal behaviour.19,20,35  
The overlap between DCD and other developmental disorders is discussed in many studies. 
Research demonstrates the overlap between Attention Deficit Hyperactivity Disorder 
(ADHD), Pervasive Developmental Disorder-Not Otherwise Specified (PDD-NOS) and DCD.2 
In some studies a 30% overlap with ADHD was demonstrated. The prognosis in children with 
the combination DCD-ADHD for learning, behaviour and performance of future adult 
responsibilities was worse than in children with ADHD alone.21  
In a study of children with ADHD and PDD in a child psychiatric clinic, 50% of the children 
had serious motor problems consistent with the diagnosis of DCD.22 The diagnosis of DCD 
cannot be made in the case of PDD-NOS. Children with PPD-NOS are excluded in studies of 
DCD, which makes it impossible to know the prevalence of PDD-NOS in children with DCD. 
In this study 18% of children who met the other DCD-criteria were excluded because of the 
PDD-NOS diagnosis.  
Findings in this study have consequences for treatment.  
First, motor treatment is needed, as problems in manual dexterity, balance and ball skills 
lead to restrictions in writing and physical exercise. In this study, all children received motor 
treatment.35 It is not clear which method of motor treatment 23;34 is most effective and the 
search for a goal directed treatment method continues.24. Recently new treatment methods 
were developed in which a shift from process to task oriented methods is seen.25-27 In 
children with DCD in this study, behavioural problems diminished spontaneously in 10-20% 
that received physiotherapy, without any behavioural intervention  
 Aside from motor treatment by physiotherapist and occupational therapist, motor 
remedial teaching in school can be offered. If dysgraphic writing does not improve after 
period of writing therapy, or if the writing speed remains low, use of a laptop computer in 
school may be recommended. Slow speed in children who are able to produce readable 
handwriting allows for extra time during tests and exams.  
Second, due to the presence of other developmental disorders in these children with DCD a 
multidisciplinary treatment approach may be needed. 45% of the children were referred to a 
child psychiatric clinic. Referral for special education services was five times more frequent 
than in the reference population. 
                                                 
2 In the DSM-IV (APA) a number of specific developmental disorders are classified, including disorders 
of attention (ADHD: attention deficit and hyperactivity), social adaptation (PDD-NOS: pervasive 
developmental disorder-not otherwise specified) and motor coordination (DCD: developmental 
coordination disorder).  
Motor problems and co morbidity in DCD 
 117
Early identification and intervention are important, as the sum of motor, cognitive, and 
behaviour problems may cause disability for activities and skills in school and disability in 




We conclude that children with DCD referred to a child rehabilitation centre may form a 
subgroup of severe DCD that is often restricted not only by severe motor problems, but also 
by limitations in cognitive performance, ADD and a tendency towards internalising behaviour. 
Motor problems may serve as a symptom or signal of more complex developmental 
disorders and should be recognised at an early age. It is important to start early 
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